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Abstmct 
This study describes the vegetation of S 'Ena Arrubia lagoon, in the Gulf of Oristano, in Ihe cenlre-weslern coasl of Sanlinia. This lagoon is c1assified 
as: Special Protection Zone (S.P.Z.) according to EEC Direclive 79/.t09, community imponance sile according lo EEC Direclive 92M3, I.B.A. 
(Important Birds Area) site and fixed oasis of fauna proleclion and natural reserve. Throughout the years it was subjcct to several allcrations. Thc Illost 
important ones were carried oul in the Seventies and allowed Ihe marine walcr upwelling and thc fasi removal of freshwatcr coming from Ihe walcrshed, 
Before the fulfilment ofthese interventions,lagoon waters had a low salinilY, as demonslrated by previous vegelalion studies Ihal showcd Ihe presence 
of freshwater communities and, only to a smaller extent, of halo-tolcrant and halophile ones. 
This phytosociologic study led to the identification of several associations thal are showed in the groups of merel)' halophile vegetation, in the frcshwater 
and subhalophile lagoon vegetation and in the mercly anthropogen vegetation typologies. The location ofthe considered typologies is represenled with 
distributive patterns, which synthesise the current state ofvegetation referring to the salinity. 
Two new associations, the hlllio crithmoidis-Paspalctwn vagina ti and the A~tcro tripolii-Bolbosc/lOcnctum maritimi, are here described. The first is 
dominated by the presence of Paspaillm vagillatum Swartz, recorded for the second time in Italy and far the first time in Sardinia. Il is recorded near 
the inlet, where it forms mosaics together with Salicornictum cm cric i associalion and it is also present, as bolboschocnctosum maritimi subassociation, 
in more inland and less salty zones. The latter new association includes the subhalophile reedswamps that are present in the areas floodcd by salty waters 
for a long time, where it replaces the Scirpctum compacto-littoralis, a les,; halophile association present in several siles of the Medilerranean and also 
in Sardinia. 
In addition, it is necessary to point out the recovery of Salicomietum l'cne/ae association, characterised by the presence of Salicomia l'ene/a Pign. et 
Lausi, which was believed endemie in the North Adriatic lagoons. 
Finally, the significance of environmental changes fulfilled in the basin, which are the reason for some vegetation modifications and are detected by 
comparison between current associations and those atlhe beginning of the Se\'enties, is poinled out. 
Key words: diachronous analyses, environmental changcs, halophile and freshwater vcgctation, phytosociology, Sardinia. 
Riassunto 
La vcgctazione dc/la laguna di S'Ena Arrubia (Sardegna ccntro-occidcntalc). Viene descritta la vegetazione della laguna di S'Ena ATTuhia, situata 
lungo la costa centro-occidentale della Sardegna, nel Golfo di Oristano. La laguna, classificata come zona a protezione speciale (Z.P.S.) in base alla 
Direttiva 79/409 CEE, sito d'importanza comunitaria in base alla Direlliva 92/.t3 CEE, sito I.B.A. (lmponant Birds Area), ()a~i permanente di protezione 
faunistica e riserva naturale, ha subito negli anni numerose trasformazioni. Le più impananti, realizzate negli anni '70, consentirono la risalita delle 
acque marine e il veloce smalti mento deIle acque dolci provenienti dal bacino idrografico. Prima che questi intervenli fos~ero realizzati, le acque della 
laguna avevano un basso tenore di salinità, come allestano gli studi cffelluati in precedenza sulla vegetazione. che mostrano ambienti carallerizzOlti 
soprattutto dalla presenza di comunità d'acqua dolce e in misura minore di alotolleranti cd alofilc. 
Lo studio fitosociologico realizzato ha ponalo al riconoscimento di numero~e associazioni che vengono presentate nei gruppi della vegetazionc 
francamente alofila, della vegetazione lacuSlre dulciacquicola e subalofila e delle tipologie chiaramenle antropogene. 
L110calizzazione delle tipologie considerate vicne rappresentata con schemi distributivi che sintetizzano l'attuale stato della vegetazione in rappono 
con la salinità dei luoghi, 
Vengono in particolare descritte le nuove associazioni lnulo crithmoidis-Paspalctllm mginati c Astcro tripolii-Bolbo~cllOcnctum maritimi. Ll prima, 
dominata dalla presenza di Paspalum mginatum Swartz, che viene segnalato per la seconda volta in Italia e per la prima in Sardegna, si rinviene in 
prossimità della foce dove forma mosaici con l'associazione Sa/icornictum cmcrici mentre in zone più interne e meno ~alale è presente con la 
subassociazione bolboschocllctosum maritimi. La seconda nuova associazione inquadra i canneti subalofili presenti in aree lungamente inondate da 
acque ancora ricche in sali, dove vicaria l'associazione Scirpctum compacto-/ittoralis, meno alofila, e già rinvcnuta in numerose localilà del 
Mediterraneo e per la Sardegna. 
Da segnalare il rinvenimento dell'associazione Salicomictum l"Cnctac, carallerizzata dalla presenza di Sa/icornia l'cneta Pign. et Llusi, che si riteneva 
endemica delle lagune nord-adriatiche. 
Da ultimo, nelle conclusioni, si enfatizza il significato delle trasformazioni ambientali subite dal bacino che hanno indollo le trasformazioni sulla 
vegetazione e che sono rilevate allravcrso i confronti tra le associazioni alluali e quelle presenti agli inizi degli anni '70. 
Parole chiave: analisi diacroniche, filOSociologia, Sardegna, trasformazioni ambientali, vegetazione alofila c dulciacquicola. 
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Inlruduction 
S'Ena Arrubia lagoon is located along thc centre-
western coast of Sardinia, in tlle Gulf ol' Oristano (Fig. 
I). (n the northcrn part, it bordcrs on thc tcmporary 
lagoon of Zrugu Trottu, l'rom which il is dividcd by a 
roml, ami it is surrounded with agriculturallands owing 
to the reclamation pcrformed by Consorzio di Bonifica 
Terralha-Arborea. The Iagoon is classified as: Special 
Protection Zone (S.P.Z.) according to EEC Directive 791 
409. community importance si te according to EEC Di-
rectivc 92/43, I.B.A. ((mportant Birus Arca) site, fixeu 
oasis of fauna protect ion anu natural rescrve. 
This work is a part of an ccoklgical research. included 
in LlFE Nature Project 97, promotcu by the Province of 
Oristano: since 1<)<)7 it has becn carrying out by the 
Departmcnt of Botany ami Plant Ecology of Sassari 
University. The generaI aim is the integrateu manage-
ment and the prntcction of the lagoon. anu this research 
ueals with thc phytosocìological stuuy finaliseu to the 
drawing up of the 1:2,500 vegetation map. 
Fig. l - Gcographical Jocation 01' S'Ena Arruhia Lagoon 
(Oristano. Sardinia) 
Environmcntal char&1ctcristics 
S'Ena Arrubia lagoon is the residual of the wider 
Sassu pond, rec1aimcd in 193.+ together with its adjaccnt 
wetlands. Formerly, the pond \Vas connected to the sea 
through a \Vide natural in1ct. In consequence ol' the land 
recJamation, it received supplies from its catchment arca 
through some man-madc canals currcntly f10wing into 
the south-eastern shore and pouring into the lagoon rain 
and \Vaste watcrs. These supplies caused the obstruction 
of the natural inlet, so that during the Seventies a canal 
was built in the coastal dune to get the lagoon to 
communicate permanently with the sea. Morcover, a 
bottom canal running along the main axis of the lagoon 
starts from the sea inlet and reaches the freshwater inlet 
arca. Its building had the aim to allo\V an cfficient 
upwell ing of scawatcrs during thc tide and a fast removal 
of waters coming from the watershed. Before these 
human intcrventions, lagoon waters had a low salinity. 
This is demonstrated by vegctation studies where the 
presence of freshwatcr community and, to a smaller 
extent, of halo-tolerant and halophile ones is described 
(Valsecchi, 1972; Corbetta & Lorenzoni, 1976). 
At prescnt S'Ena Arrubia lagoon, which is part of a 
wet land system facing the Gulf of Oristano, extends 
") 
over about 1.43 Km-; its dcpth ranges between 30 and 
] 50 cm, with a mean de~th of 45 cm, while the water 
volume is about 1.2 x 10m3 (Scchi, 1982). 
The Gulf of Oristano, characterised by low and sandy 
shores, is the sea mouth of a tectonic depression linked 
with the NN\V trending normal fault system, which 
caused the deepening and the filI of the Campidano 
Graben uuring the Plioccne and the Pleistoccne. The 
centre ol' the great scythe-like inlet forming the coast of 
the Gulf is the consequence of Plcistocene eustatic 
dynam ics and shows a pIane and depressed morphology, 
\Vhcre the main wetlands are located. Thc most spread 
quaternary deposits are old tcrraced f1oods, recent and 
current sand)' dunes, mud-sandy and subordinately peb-
bly floods ofTirso delta. sand- and mud-c1ayey lagoon 
and brackish facies anu reccnt marine sands (Di Gregorio, 
1976). 
The typology of the main spread soils shows a very 
considerablc evolution, with formation of well-defined 
c1ayey profiles, high dcpth, scanty organic matter and 
lack ol' carbonatcs, mean to high permeability. Predomi-
nant soils are Typic, Aquic and Ultic Palexeralf, while 
the subordinate ones are Xerofluvents and Ochraqualfs. 
The present use is mainly agricultural, with rcstrictions 
due to the excessofskelcton~ slow to very slo\\' drainage 
and moderate danger of erosion (Vacca, oral comment). 
Thermal rain gage data relatcd to the thirty-year pe-
riod 1951-1981 (Annali Idrologici del Servizio 
Idrografico) at the thermometric station of S. Giusta and 
rain gage station of Sassu sho\\' that prccipitation has a 
typically scasonal trcnd and is concentratcd between 
Octobcr and March. The most rain month is Deccmbcr 
with a mean of 99,6 mm, the driest one is July with 3,6 
mm. Diurnal mean temperature is 16.9°C, the maximum 
rnean of the warrnest rnonth (July) is 32.3°C, the mini-
rnum mean ofthe coldest month (January) is 5.2°C. The 
absolute maximum is 39.8°C, the absolute minimum is 
1.6°C; annual thermal range is 10.4°C. The area is 
affected by a Mediterranean half-dry c\imate, with warm 
and not very rainy summers and relatively rainy and not 
very cold winters. 
Materials and Methods 
The study of vegetation was carri ed out with the 
phytosociologic rnethod. Relevés multivariate analysis 
wasconducted with the statistical programme "Matedit" 
(Burba et al., 1992). 
Vegetation 
The study ofvegetation concerned ali thc populations 
growing around S'Ena Arrubia lagoon, in thc morpho-
logic depression of its basino Xerophile formations that 
cover the highest substratum belonging to subsequent 
phases of the Mediterranean shrub vegetation or 
psammophile vegetation of the dune field near the inlet 
are omitted. 
For the sake of expository convenience, the identified 
associations are introduced in the groups of merely 
halophile vegetation, freshwater and subhalophile 141-
goon vegetation and in the mercly anthropogcn 
typologies. The location of the considcred typologies is 
represented with distributive patterns, which synthcsise 
the current state of vegetation with reference to the 
salinity of the pIace. 
Halophile vegetation 
Vegetation typologics pertinent to the cJearly halo-
phile components often create a mosaic among the 
perennial formations- hemicryptophytes, chamaephytes 
and nanophanerophytes - and the therophytcs, domi-
nated by different specics of the gcnus Salicomia. The 
distribution of these vegetation types is determined by 
the substratum morphology, the soil granulometry, to-
gether with salinity variations and the pertinent level of 
soil humidity. Variations of ecological gradicnts in-
duced by anthropic interventions are also important, as 
it will be pointed out in the concJusions. 
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Chamacphytic halophile vegetation 
Rclevés carried out on perennial halophile vcgetation 
can be grouped in rour vegetation typologies that are 
pointed out in the dendrogralll of Fig. 2, whcrc salinity 
gradient variations are cJcar, as it was alrcady observed 
in the studies performed to define the ecologica I valencc 
ofassociation in Sacca di Bellocchio, North Adriatic Sca 
(Andreucci ct al., 1998 and 20(0). 
CYNOMORIO COCCI N EAE -ilA LI M ION ETU M 
PORTULACOIDIS (Tab. 1) 
Along canals, at altitudes slightly higher than other 
formations constituting the halophile grasslands, the 
vegetation caracterized by Halimiollc portulacoidcs 
growing on well-drained soils is found. This association 
was described for the Iittle islands of La Maddalena 
Archipelago (Biondi, 1992). In Sardinia and in Ratino 
Island, Southern Corsica (Paradis & Lorenzoni, 1995), 
it is the vicarious of Pucciflellio fcstuciformis-
HalimiollclUm porllliacoidis association, described [or 
Camargue (Géhu ct al., 1992) and gived forothercoastal 
sites of France and continental haly (Géhu & Biondi, 
1995). 
PUCCINELLIO CONVOLUTAE-ARTHROCNEME-
TUM MACROSTACIIYI (Tab. 2) 
This association, already record ed in Sardinia (Géhu 
et al., 1984) and in Corsica (Géhu & Biondi, 1994), is 
found along the northern and western lagoon shores, 
where it is bounded to hyperhyaline soils, higher than 
vegetation of the following association with which it is 
generally in contact. 
PUCCINIELLO FESTUCIFORAfIS-SARCOCORNIE-
TUM FRUTICOSAE (Tab. 3) 
This association, found in several coastal sites of 
Sardinia (Géhu et al., 1984; Mossa & Biondi, 1992) and 
Corsica (Géhu & Biondi, 1994), presently covers wide 
areas of the lagoon forming mosaics with Salicomia 
emerici glasswort vegetation and making contact with 
halophile hemicryptophyte formations, such as.SìJartilla 
jWlcca andJwlcus maritimus. Fine granulometric soil is 
subject to short flood periods and, however, keeps a 
certain level ofhumidity in summer. Thc Tclcvé 50 (Tab. 
3) shows the contact with Puccillcl/io cOIll'olutac-
ArtlzrocllemclUl7l macrostachyi association. 
SARCOCORNIETUM DEFLEXAE (Tab. 4) 
This association with Meditcrranean distribution is 
dominated by a prostrated and rooted form ofSarcocomia 
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Tah. I - CYNOMORIO COCCINEAE - IIALIMIONETUM PORTULACOIDIS Biondi 1992 
Nurnher of relevé 7 97 89 8 40 53 54 55 60 46 70 
Vegelalion cover (Ilo) 100 100 100 100 100 100 100 100 100 100 100 
Surface (sqrn) 20 5 30 30 lO IO IO 25 20 25 20 
Characler species of Ihe associalion 
CIRCUMBOR. Ch frul Halirnione porlulacoides (L.) Aellen 5.5 5.5 4.5 4.5 5.5 4.5 5.5 5.5 5.5 5.5 5.5 
MEDIT.-TURAN. G rhiz Cynomoriurn coccineum L. 1.1 1.2 
Characler species of superior unilies 
MEDIT.ATL.(STENO) Ch suffr Inula crithmoides L. 1.2 2.3 3.3 +.2 1.2 1.2 +.2 
EURIMEDIT. II ros Limoniurn narbonense Miller 2.2 2.3 2.2 1.1 2.2 
EURIMEDIT. H caesp Agropyron elongatllm (BusI) Beauv. 1.2 +.2 +.2 3.3 
EURIMEDIT. Ch succ Sarcocornia fruticosa (L.) A. J. Scoli + +.2 1.2 
STENOMEDIT. Ch SllCC Arthrocnernllrn macroslachyurn (Muric.) Moris +.2 +.2 
EURASIAT. H bienn Aster tripoliurn L. 2.3 
Othcr species 
SUBCOSMOP. G rhiz JlInclls marilirnlls Lam. +.2 + 
ANFI ATL. G rhiz Spartina juncea (~Iichx.) Willd. 1.2 1.2 + + 
W-STENOMEDIT. li caesp JlIncus mullibracteatlls Tineo 3.4 +.0 
EURIMEDIT. H caesp Junclls acutus L. +.2 
SUBCOSMOP. He Phragmites auslralis (Cav.) Trin. +.0 + 1.2 
Tab. 2 - PUCCINELLIO CONVOLUTAE - ARTHROCNEMETUM MACROSTACHYI 
(Br.-BI. (1 0 28) l ( 33) Géhu ex Géhu et al. 1l)84 
Nurnbcr of relevé 45 90 47 
Vegctation cover (%) 100 100 100 
Surface (sqm) 5 5 lO 
Charactcr spccies of the association 
STENOMEDIT. Ch succ Arthrocncmum macrostachyurn (Moric.) Moris 4.5 5.5 5.5 
Characler spccics of supcrior uniI ics 
CIRCU~IBOR. Ch frut Halimione portulacoides (L.) Acllen 1.2 3.4 
EURI~IEDIT. Ch succ Sarcocornia fruticosa (L.) A. J. Scoli 2.3 
M EDlT.ATL.(STENO) Ch suffr lnula crilhmoides L. 1.2 
SUBCOSMOP. G rhiz Junclls marilimus Llm. +.2 
Olher species 
EURI~IEDIT. H caesp Agropyron cJongalum (Host) Bcau\'. +.2 
Tab. 3 - PUCCINELLIO FESTUClFORMlS - SARCOCORNlETUM FRUTlCOSAE (Br.-BI. 1( 28) Géhu 1976 
Number of rclevé 50 64 51 91 
Vcgetation co\"cr (%) 100 100 100 100 
Surface (sqm) 25 30 25 4 
Character specìes of the association 
EURIMEDIT. Ch succ Sarcocornia fruticosa (L) A. J. Scoli 3.4 5.5 5.5 5.5 
Character specìes of supcrior unitics 
CIRCU~IBOR. Ch frut Halimionc portulacoides (L) AcHcn 3.4 2.3 2.3 
MEDlT.ATL.(STENO) Ch suffr lnula crithmoides L 3.4 2.3 
STENOMEDIT. Ch succ Arthrocncmurn macrostachyum (Moric.) Moris 1.2 
EURIMEDlT. H ros Limonium narbonense Miller + 
Othcr spccics 
EURIMEDIT. H caesp Agropyron elongatum (Host) Beau\'. (+.2) 
S-MEDIT. G rhiz Juncus subulatus Forsskal 1.1 
SUBCOSMOP. Hc Phragmitcs australis (Cav.) Trin. 1.0 
EURIMEDIT. H scap Inula viscosa (L.) Aiton + 
fruticosa (L.) A.J. Scotto This form was described by 
Rouy (1910) as Sa/icornia fruticosa var. dej7exa and for 
a long time it was confused with Sarcocornia perellllis 
(Miller) A.J. Scott (= Salicomia mdicalls Sm), whose 
distribution is only on the Atlantic coast (Géhu & 
Biondi, 1994). Records of Sa/icomiellllll perelllzis al-
ready mentioned in Sardinia (Géhu et al., 1984; Biondi, 
1992) must then be related to Sarcocornietum dej7exae 
association. In S'Ena Arrubia lagoon, this association is 
present in open and pIane areas, along the western shore 
where it is subject to prolonged floods and summer 
drying upconditions. Conseguently,soil is hyperhyaline. 
Annual halophile vegetation 
Pioneer communities ofhalophile therophytes distrib-
uted around the whole pond are present along the lagoon 
shores, in inland depressions, in old settling ponds, in 
glades of perennial halophile vegetation, in areas subject 
to prolonged floods and summer drying up. 
SUAEDO MARITIMAE-SALICORNIETUM PATULAE 
(Tab.5) 
This peri-Mediterranean association was found in 
more inland areas, especially along the shores of settling 
ponds that now are out ofuse. It covers substrata slightly 
higher than other halophile therophyte formations and 
conseguently it is drier in summer and, perhaps, saltier 
(Géhu et al., 1984, Biondi, 1992). 












In S'Ena Arrubia, it has topographic contacts with the 
halophile perennial vegetation of SarcocornielulIl 
frlllicosae association (Tab. 5, relevé l and 5; Tab. fi, 
relevé 4). 
SALICORNIETUM EMERICI (Tab. 6) 
In the inlet arca, it grows in sites subjcct to f100ds for 
a long time and open to the sea or on settling pond 
bottoms, which are slightly wet in summcr. Il is an 
association alrcady recorded for Sardinia: in Cagliari 
and Marceddì (Oristano) ponds (Géhu el al., 1984). 
SALICORNIETUM VENETAE (Tab. 7) 
Salicomiellllll \'cllclae association, rnono-spccific and 
characterised by the prcsence 01' the endemie Salicomia 
\'cncla Pignatti el Lausi, was 1'ound along the less high 
shores o1'the pond and along the sidc runoff canals near 
the inlet. It is oftcn associated with organic rnatter 
deposits and highly eutrophic waters. The prescnce 01' 
this association statcs some chorologic problems, sincc 
Salicomia \'enela was bclieved endemie in the North 
Adriatic lagoons (L1usi, 19fi9; Géhu el al., 1984; Géhu 
& Biondi, 1995; Piccoli, 1995; Géhu & Biondi, 199fi), 
whereas other spccies of glasswort found in S'Ena 
Arrubia have a peri- and \Vestern Mediterrancan distri-
bution. The rnorphologic characteristics of some spcci-
rnens found in S'Ena Arruhia coincide with those de-
scribed for S. vencla, that is a tetraploid species, as S. 
emerici. S. velleta is very similar to S. emerici, 1'rom 
IV 
Fig. 2 - Dcndrogram of reJcvés rcfcrrcd to SAL/CORNIErEA FRUTICOSAE c1ass halophilc vcgctation (Tahs. 1, 2,3 and 4): cluster 
I idcntifics Cyllomorio coccillcae-Halimiollctum portulacoidis ass.; cluster Il PuCciIlCl/iO fcstuciformis-Sarcocomietum fruticosae 
ass.; cluster III Puccinellio cOllmlutac-Arthrocncmctwn macrostachyi ass.; cluster IV Sarcocorniclum dcflcxac asso 
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'l'ab. 4 - SARCOCORNIETUM DEFLEXAE (Br.-Bl. 1931) L1hondère, Géhu & Paradis 1992 
Numbcr of rclevé 13 14 99 100 
Vegctation covcr (Ilo) 100 100 100 95 
Surfacc (sqm) 30 30 50 20 
Charactcr species of the association 
EURIMEDIT. Ch succ Sarcocornia fruticosa (L.) A. 1. Scol! varo dcflcxa 5.5 5.5 4.5 5.5 
Charactcr spccics of supcrior unitics 
CIRCUI\IBOR. Ch fml lIalimione portulacoidcs (L.) Acllen 2.3 1.1 
EURIMEDIT. Il ros Limonium narboncnse Miller + 
Othcr spccics 
ANFI ATL. G rhiz Spartina juncea (Michx.) Willd. +(0) 
SUBCOSMOP. f1c Phragmitcs australis (Cav.) Trin. +(0) +(0) 
Tah.5 - SUEDO MARITIMAE - SALICORNIETUM PATULAE (Brullo & Furnari 1976) 
Géhu &. Géhu-Franck 1<>84 
Number of rclcvé 2 3 4 
1.1 
Vcgctation cover (%) <>0 90 90 90 
Surfacc (sqm) 3 100 30 
Character species of the association 
STENOMEDIT Tscap Salicornia patula Duval-Jouvc 5.5 5.5 5.5 
COSMOP. Tscap Suacda mariti ma (L.) Dumort. 1.2 +.2 
Charactcr spccics of supcrior unitics 
STENOMEDIT Tscap Salicornia cmcrici Duval-Jouvc 1.2 1.1 + 
Othcr spccics 
EURII\IEDlT. Ch succ Sarcocornia fruticosa (L.) A. J. Scol! + 
CIRCUMBOR. Ch rrut Halimionc portulacoides (L.) Aellen (+.2) 
CIRCUMBOR. Tscap Atriplcx patula L. 
Tah. 6 - SALICORNIETUM E~IERICI (O. dc Bolòs 1%2) Brullo &. Furnari 1976 
NlImher of rclcvé 
Vcgctation cover (C:-é) 
Surfare (sqm) 
Character spccies of the association 
STENOI\IEDlT Tscap Salicl'rnia emerici Duval-Joll\'e 
Character species of superior unities 
COSMOP. Tscap Suacda maritima (L.) Dumort. 
STENOI\IEDIT Tscap Salicornia patula Duval-Jouve 
ENDEM. Tscap Salicomia veneta Pign. et L1usi 
Other spccies 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. 
PALEOTEMP. Tscap Salsola soda L 
Tab. 7 - SALICORNIETUM VENETAE Pign. 1966 
Number of relc"é 
Vegetation cover (c:-é) 
Surface (sqm) 
Character species of Ihe associalion 
80 
4 
ENDEM. T scap Salicomia veneta Pign. et Lausi 4.5 
COSMOP. 
Character species of superior unities 
T scap Suaeda maritima (L.) Dumort. 
Olher species 




























































which it differs for its larger size and its ramification 
starting from the basi s, near the collar. Considering the 
synecology of this association in our area, it is thought 
that it can al so be a dystrophic population owing to the 
high trophic level of the lagoon waters. 
Annual halonitrophile vegetation 
SALSOLETUM SODAE (Tab. 8) 
In the lagoon areas subject to periodical floods, i. e. 
near the inlet, characterised by substrata of organic 
matter, the growth of the paucispecific therophyte vcg-
ctation, dominatcd by Salsola soda, occurs. This asso-
ciation is found in several zones of thc Mcditcrrancan 
and in Sardinia (Camarda & Satta, 1995). 
PARAPHOLISOSTRIGOSAE-HORDEETUM AlAR/N/ 
(Tab.9) 
Outside the cingulum ofhalophile and mosaic vcgcta-
tion, together with the Schoello Iligricalltis-Plalltagi-
Iletum crassifoUae association, on sandy accumulation 
soils, dry in summcr and thcn subjcct to stamping, thcrc 
is the therophyte vegetation flowcring in spring and 
ascribed to this association. This was described for Mont 
Saint Michel bay (Géhu & dc Foucault, 1977) and thcn it 
was also found in diffcrent ecological conditions on salty 
soils, such as Pliocene clayey soils giving origin to thc 
Apcnnines gullies (Biondi et al., 1990a; Pirone, 1995). 
Liv",lli di fu!Oion", (SorliQli.mz.) 
0.033 
o. tOO 












Hcmicryptophytc halophilc grasslands 
On constantly wct soils, periodically f1ooded, several 
associations with dominance of hemicryptophytes, are 
found (Fig. 3). They indicate the salinity gradient vari-
ation and mark thc transition from the merely halophile 
communities to the halophile and halo-tolerant ones. 
/NULOCR/THMOID/S-PASPALETUM VAG/NA TI asso 
nova (reI. typus n05, Tab. IO) 
IzalillliolletoSll/1l portllcoidis subass. nova (reI. typus 
n066, Tah. 10) 
bolbosc!lOelletoslllll lIlaritillli suhass. nova (reI. typus 
n025, Tab. IO) 
On very wet suhstrata even during summer, on mud 
soils, this association dominated hy Paspalul1ll'llgilllltlllll, 
is prescnt. P. l'agillatulIl is a very invasive neophyte 
halophile. It was already recorded in Italy, in Versilia 
(Tuscany), where it colonises the marine littoral zone of 
Cakiletul1l maritimae as reported hy Arrigoni (1990). 
This specics was already present in S'Emi Arruhia 
lagoon in the sixties: in fact, there is a herbarium sample 
(SS!)ofthe year 1965 [sllbPa.\palwllpa~palodes(Michx) 
Scribner], while it is not mentioned in the puhlication of 
S'Ena Arruhia (Valsecchi, 1972). This plant was proh-
ably rare at that time and at the heginning of the follow-
ing colonisation stage, which Icd now P. vagillatlll1l to 
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Leg. Medio da -Distanza S i"i I. ratio Copert su JUHCIR per CoJonn 
Fig. 3 - Dendrogram of relevés referred to JUNCETEA MARITIMI c1ass halophile vegetation (tabs. 10, Il, 12 and 13): cluster I 
identifiesJullco maritimi-Spartilletum jUl/ceae ass.; cluster II/nu/o crithmoidis-Paspa/ctum \"agil/ati asso (subcluster Ila is the suhass. 
Izalimionetosum portu/acoidis; subcluster IIb is the subass.bo/boscllOel/etosum maritimi); cluster III Limollio llarbOllellSis-Jllllcetllm 
gerardii ass.; cluster IV ScllOCIlO nigricalltis-P/alltagilletum crassifoliae asso 
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Tab.8 - SALSOLETUM SODAE Pign. IY53 
Number of rclcvé 
Vcgetation covcr (%) 
Surfacc (sqm) 
Character species or the association 








Suacda maritima (L.) Durnort. 
Aster tripoliurn L. 











Tab.Q' - PARAPHOLISO STRIGOSAE - HORDEETUM MARINI Géhu & dc Foucault 1977 
Number or relevé 2 
Vegetation cover (%) 100 QO 
Surface (sqm) lO 8 
\ Character species of the association 
M EDlT.ATL.(STENO) 'T scap Parapholis strigosa (Dumort.) Hubbard 5.5 5.5 
Character species of superior unities 
EURIMEDIT. Tscap Plantago coronopus L. 2.3 
MEDIT.ATL. Tscap Catapodium marinum (L.) Hubbard 1.3 
ro., ED IT.ATL.(STENO) Tscap Sagina maritima G. Don 1.1 
Other species 
EURASIAT. Tscap Sonchus oleraceus L. +.2 
STENO~IEDIT. Tscap Cynosurus clcgans Dcsf. 1.2 
S-MEDIT. G f\lil Juncus subulatus Forsskal 1.1 
PALEOTEMP. H bienn Ccntaurium crythraea Rafn +.2 
STENOMEDIT. G bulb Actheorrhiza bulbosa (L.) Casso 1.1 + 
EURI~IEDIT. Tscap Silcne gallica L. + 
SW-MEDIT.-MONT. Tscap Scnccio dclphinifolius Vahl + 
Tscap Gcranium sp. + 
Tab. lO - INULO CRITII~IOIDIS - PASPALETUM VAGINATI asso no\'3. (t)'pus reI. 5) 
subass. halimiol1ctosum portulacoidis subass. 110va (typus reI. (6) 
subass. l:>ol~)schocl1ctosurn mariti mi subass. 110va (typus reI. 25) 
Number of rclevé 5- 6 66· 21 
Vegetation co\'cr (<:t.) 100 100 100 100 
Surfacc (sqm) 15 15 IO 50 
Chafacter spccics of the association 
COSMOP. G rhiz Paspalum vaginatum Swartl 5.5 5.5 5.5 3.4 
t-.fEDIT.ATL. Ch suffr Inula crithll10idcs L. 'l'l + 2.2 3.4 
EURASIAT. Il bienn Aster tripoliurn L 1.2 + + 
Character spccics or the subassociation 
COS7\IOP. G rhiz Bolboschoenus rnaritirnus (L) Palla 
varo compactus 1I0rf. 
ClRCUMBOR. Ch frut Halimionc portulawides (L.) Acllen + 1.2 2.2 + 
COS~toP. Tscap Suacda IllJritima {L) DunlOrt. 1.2 2.2 + 
STENOMEDIT. Ch succ Arthrocnemum macTo",tachyum (Moric.) 1.2 
CharJctcr spccics of supcrior unitics 
SU I3COS:'\1 OP. lIe PhrJglllitcs au~tralis (Cav.) Trin. \.l 1.2 1.2 
Other spccies 
CIRCUMI30R. TSCJp Atriplex pJtula L. 1.2 +.2 + 
PALEOTEMP. Tscap Salsola soda L + + 
\) 18 24 25* 37 17 
100 100 100 lOO 1110 100 
20 25 50 50 50 25 
5.5 5.5 5.5 3.3 5.5 5.5 
+ +.2 
1.I 1.2 
1.1 1.2 1.2 2.3 3.4 
+ 
2.3 2.2 1.1 3.3 2.3 2.1 
1.2 + 2.2 1.2 1.2 + 
l.l +.2 + + 
the inlet, and in more inland areas characterised by 
freshwater seepage. In the first zone reporting the pres-
ence of the suggested association, the P. vagillatum 
vegetation forms a mosaic with the therophyte halophile 
community of Salicomietum emerici association, cov-
ering areas that were formerly colonised by Plzragmites 
australis and Typlza latifolia reedswamps, the latter now 
completely extinct in the biotope. In the areas closer to 
the canals, directly connected to the inlet, the 
subassociation Izalimionetosllm, in contact with the 
Halùnione portulacoides vegetation, is found. In con-
trast, in inland areas, where the substratum is more 
flooded and less salty, due 10 the tributaries and drainage 
canaIs, the subassociation bolbosclzoenetosum maritimi 
is found. 
Paspalum vagillalllm vegetation was described for 
different coastal sites ofthe centre-northern Spain (Bue no 
Sanchez, 1997; 'Loidi et al., 1997) as Agrostio 
stoloniferae-Paspaletum vaginati association, whereas 
in the centre-northern Mediterranean coasts of Iberian 
Peninsula this vegetation was described as Astero 
squamati-Paspaletum vagillati association (Bòlos, 1988; 
Perez Badia, 1997). The new association here described 
is different from the above-mentioned ones, because of 
its more hal.ophile and less nitrophile floristic complex. 
LIMONIO NARBONENSIS-JUNCETUM GERARDII 
(Tab. Il) 
TheJwlcus gerardi association has a very localized on 
three shores where the humidity is always high and soil 
has a bigger granulometry and has few supplies of 
phreatic freshwater. This association, described in Cor-
sica (Géhu & Biondi, 1994), is a geovicarious of other 
Atlantic, continentai Europe and Pontic associations, 
always characterised by the presence of J. gerardi. 
JUNCOMARITIMAE-SPARTINETUAIJUNCEAEnom. 
inv. prop. (Tab. 12) 
Spartùza jWlcea association grows in more inland 
areas, alI around the lagoon, always on sandy soil more 
or less wet because of the groundwater. It has a variable 
floristic sui te, which alIows identify the contacts with 
other associations of Salicomietea fruticosae class and 
withAgropyretalia repelllisorder. In this lattercase, it is 
a matter of coenosis due to the fast sand colonisation of 
deposits derived from frequent strips carri ed out in order 
to restore canals and floodwalIs near the inlet. 
Bòlos (1962) described it in Barcelona zone as 
Spartillo-Jullcet1ll1l maritimae, whose name inversion is 
here proposed and for which the rele"é n. 2, Tab. 54 is 
identified as lectotype. For this reason JWICO maritimi-
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spartilletumjullceae Biondi 1992 association, describcd 
in L'l Maddalena Archipelago and also recordeo in 
Corsica (Géhu & Bionoi, 1(95), must be referreo to il. 
SCHOENO NIGRICANTIS-PLANTAGINETUM 
CRASSI FOLlA E (Tab. 13) 
This hemicryptophyte association is founo on soils 
that are wet in winter but relatively dry in sUl11l11er.1t was 
recorded in a nUl11berofSardinian coastal zones(Cal11aroa 
& SaUa, 1(95) ano appears \Vioely spread in Mediterra-
nean, where it is often founo in serious degradation 
conditions. This vegetation is cxtrel11ely variable ano 
easily damageahle by the reclamation of coastal soils 
(Géhu & Biondi, 19(5). In S'Ena Arruhia it is present on 
the south-\Vestern shore, in thc shelter of modest ano 
discontinuous residuals of the 010 dune bar, as del11on-
strateo by the presence of few individuals of Ephedra 
distaclzya L. growing on slightly higher zones. 
Halophile forest formation 
TAMA RIX AFRICANA community ('l'ab. 14) 
Linear and not very deep small streams are present on 
the northern shore, sandwiched bet\Veen modest soil 
dams and the perimeter road, and they are coloniseo hy 
very reduced formations of a Tamarix africana short 
wood. This vegetation is very similar to that describco 
for rivers in Sicily and indicated as T. africalla commu-
nity (Brullo & Spampinato, 1(90). 
Freshwater and subhalophile lagoon vegetation 
Freshwatcr and suhhalophile lagoon vegetation in-
c1udes Bo/bose/wc/Ilis maritil1llls and Plzragmites 
australis formations and strips of Agropyroll repells 
grassland. 
ASTERO TRIPOLII-BOLBOSCHOENETUM MARI71-
MI asso nova (reI. typus n° l, Tab. 15) 
pa!>paletosum l'agillati suhass. nova (reI. typus n° 8, 
Tab. 15) 
Theassociation ioentifies the suhhalophile reedswamps 
present in areas flooded far a long time by waters stili 
rich in salts, on mud soils, relatively deep, and it is 
distributed prevalently on the north ano south-eastern 
shores, along which the freshwater canals start. This 
vegetation is dominated hy BolboscllOelllls maritimllS, 
in its compact form of sessile spikes, linked with stili 
merely brackish environments. The association is placed 
in large belts, often in chain contact \vith.~ì)artil1ajullcca 
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l'ab. Il - LIMONIO NARBONENSIS - JUNCETUM GERARDII Géhu & Biondi 1994 
Number of relevé 48 49 
Vcgctation cover (%) 100 100 
Surface (sqm) 8 8 
Character spccies of Ihe associalion 
CIRCUMBOR. G rhiz Juncus gerardi Loisel. 5.5 5.5 
Characler species of supcrior unilics 
MEDIT.ATL. Il eaesp Carex extensa Good. +.2 
MEDIT.ATL.(STENO) Ch suffr Inula crithmoides L. 1.2 
EURASIAT. Il bienn ASler Iripolium L. + 
Olher species 
SUBCOSMOP. IIc Phragmitcs australis (Cav.) Trin. 1.0 1.(0) 
EURIMEDIT. Ch suec Sarcocornia fruticosa (L.) A J. Scoli 1.2 
CIRCUMBOR. Ch fTUI lIalimionc porlulacoides (L.) Acllen + 
EURIMEDIT. Il caesp Agropyron clongalum (Bosl) Beau\'. +.2 
CIRCUMBOR. Tscap Atriplex patula L. 1.1 
Tab. 12 - JUNCO MARITIMI - SPARTINETUM JUNCEAE O. dc Bòlos 1962 nom. invert. 
Number of rele\'é IO 52 61 43 92 15 16 79 81 96 
V egelal ion cm'cr (%) 100 100 100 100 90 90 100 100 100 -100 100 
Surface (sqm) 40 50 40 100 60 60 30 lO 30 50 6 
Character species of the association 
ANFI ATL. G rhiz Spanina juncea (Michx.) Willd. 5.5 5.5 5.5 5.5 4.4 4.4 5.5 5.5 4.5 3.3 5.5 
SUBCOSMOP. G rhiz Juncus marilimus Lam. + 1.2 4.4 + 
Othcr species 
STENO~IEDIT. G buI!> Aetheorrhiza bulbosa (L.) Casso 1.2 + 2.2 3.3 
SUBCOSMOP. Be Phragmites australis (Cav.) Trin. 1.1 2.2 2.2.0 2.2 1.( I) 1.2 1.2 2.2 + 
MEDIT.ATL. Ch suffr Inula crithmoides L. 4.4 1.2 1.2 1.2 
Tab. \3 - SCHOENO NIGRICANTIS - PLANTAGINETU~1 CRASSIFOLlAE Br.-BI. (l93!) 1952 
Number of rcJe\'é 20 76 3 
Vegetation cover (t;é) 9':; 70 70 
Surfaee (sqm) IO lO 30 
Character species of the associalion 
STENO~IEDIT. B ros Planlago crassifolia Forsskal 5.5 3.4 4.5 
SUBCOSMOP. H caesp Schoenus nigricans L. + 
Characler species of superior unilies 
SUBCOS~IOP. G rhiz Juncus marilimus L1m. 2.3 
EURI~IEDIT. H ros Limonium narbonense Miller 1.2 1.2 
Othcr species 
STENO~IEDIT. Gbulb Aelhcorrhiza bulbosa (L.) Casso 2.2 1.2 
EURIMEDIT. G rhiz Limodorum abortivum (L.) Swartz + + 
STENOMEDIT. G bulb Serapias cordigera L. 1.2 + 
or in mosaic distribution with halophile therophytes. 
The association is found with a floristic suite of clearly 
halophile species. The constant presence of Phragmites 
australis, generally not very vital (relevés 2 and 4), 
points out the pre-existence of a freshwater reedswamps. 
which was replaced in the same areas by the current 
Bo/boscllOCllliS marilillllls vegetation, owing to the high 
increase of salinity in the whole basino 
Where the water level decreases considerably during 
summer, with temporary drying up, PaspalwlI \'llgillatlll1l, 
which distinguishes the paspalctoSli/ll l'agillali 
subassociation, invades the association (Fig. 4). 
In S'Ena Arrubia, this vegctation is vicarious nf 
Scirpelll111 compaclo-liuoralis Br.-BI (1931) 1952 cm. 
Rivas.-Mart. cl al. 1980, clearIy less halophiIe, fnund in 
Sardinia, too (Camarda & Satta, 1995). However, it is 
belicved that even this association might be prcsent near 
the tributari es. 
SCIRPO-JUNCETUM SUBULA TI (Tab. 16) 
This association is found in the more inIand areas of 
south-eastern shorc of the lagoon, wherc freshwater 
canals flow. It forms little islands of vegetation that 
often are brought into contact with JUIlCO lllarilil1li-
Sparlillcllllll jUllccae association. Scirpo-Jullcetlllll 
subu/ali association was descrihed in Camargue (Géhu 
el a/., 1992) and it is found in Corsica, (Géhu & Biondi, 
1994). It is considered rare and vulncrabIc. Its sprcading 
in S'Ena Arrubia Iagoon seems strictIy linked with the 
presencc of modest inIand depressions, floodcd in win-
ter and spring and dry in summer, so that considerabIe 
Scirpo compacti.Juncetum subulati 
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chlnride concentrations are prodllced on the slIbstratlllll. 
PIIRAGM/TETUM COMMUNI.\' (Tab. 17) 
On snllth-eastcrn shore, rcached by the trihlltarics. 
freshwater rcedswamps which can be ascribed to this 
association are pIaced in a compact front. in contact with 
Astero Iripolii-Bolhoscl/OelletulIl lIlaritimi or JUIlCO 
l1larilimi-Sparlillelllm jllllceae association. 
LOTO 71:NUIS-AGROPYRETUM REPEN71.\'(Tah. 1 H) 
On the sOllthern shorc, in a wide clayey pIane terrace, 
one sidc dclimitcd by the Illean water canal, post-farm-
ing grassIands are prcscnt. Thcy grow on soils with high 
grollndwatcr, as dcmnnstrated by the prescnce 01' Agro-
pyrofl repcns and A/t/wea officina/i.\·. In these arcas. 
Phra/illlites austra/is, .llI/lCIlS aclitllS and Care.\: olruhae 
dominate the tloristic cOlllbi nation when a considerable 
stagnation occllrs. 
LEMNETUM MINORIS (Tah.19) 
The sporadic prescnce of Illono-specific Lcmnu minor 
forlllations was fOllnd near the inlet of the low water 
canal: it was distributed in very sunny little Illeanders, 
near the pond border.ln these little areas, water level and 
trophic variations are considerable and related to varia-
tions of seasonal capaci t)' of both the freshwatcr canal 
and the tide. Thcrefore, it is a pioneer vegetation, linked 
with ephemeral environments and it is able to stand wide 
variations of environmental paramctcrs. including those 
of anthropic origins (Scoppo1a, 1 <JR2).ln S'Ena "rrubia 




Fig. 4 - Dispcrsion diagram of frcsh",alcr and suhhalophilc \'cgclalion of Ihc clJss PHR,\GMITI-MAGNOCARICETEA (Tabs. 15, 
16 and 17) 
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Tab. 14 - TAMARIX AFRICANA community 
Numbcr of rclevé 2 
Vegctation cover (%) 90 80 
Surfacc (sqm) 50 10 
W-STENOMEDIT. P scap Tamarix africana Poirct 4.5 4.5 
Othcr spccies 
STENOMEDIT. G bulb Aethcorrhiza bulbosa (L.) Casso 2.2 +.2 
STENOMEDIT. H scand Convolvulus althaeoides L. +.2 +.2 
EURASIAT. Tscap Avena fatua L. +.2 + 
STENOMEDIT. G rhiz Asparagus acutifolius L. + +.2 
CIRCUMBOR. G rhiz Agropyron repcns (L.) Beauv. 1.1 
STENOMEDIT. H cacsp Oryzopsis miliacea (L.) Asch. et Schweinf. +.2 
SUBCOSMOP. Hc Phragmites australis (Cav.) Trin. + 
PALEOTEMP. H bicnn Daucus carota L. + 
Tab. 15 -ASTERO TRIPOLlI-BOLBOSCHOENETUM MARITIMI a<;s. nova (typus reI. 1) 
subass. paspaletosum vaginati subass. nova (typus reI. 8) 
Numbcr of relevé I· 2 3 4 5 6 7 8· 9 lO 11 
Vcgctation cover (%) 100 100 90 100 100 100 80 100 98 100 10(1 
Surfacc (sqm) 60 5 5 lO 30 100 50 100 70 50 100 
Character spccics of the association 
COSMOP. Grhiz Bolboschoenus maritimus (L) Palla varo compactus Boff. 4.5 1.1 5.5 1.1 1.2 3.3 3.4 2.3 4.4 
EURASIAT. H bicnn Aster tripolium L 1.2 2.2 1.1 2.3 2.2 2.2 2.2 1.2 2.3 + 1.2 
Character species or thc subassociation 
COSMOP. Grhiz Paspalum vaginatum Swartz 4.5 3.4 2.3 1.2 1.2 + 
Character species of supcrior unitics 
SUBCOSMOP. He Phragmitcs australis (Cav.) Trin. 3.3 2.3.0 1.2 2.3.0 2.3 1.1 1.1 3.4 3.3 4.4 4.4 
Other species 
CIRCUMBOR. Tscap Atriplex patula L. 2.3 2.3 3.4 1.2 2.2 2.3 2.2 3.3 3.3 1.2 
COSMOP. Tscap Suaeda maritima (L.) Dumorl. 3.3 + 3.4 + 
M EDIT.ATL.(STENO) Ch suffr Inula crithmoides L. + +.2 1.1 
Tab. 16 - SCIRPO COMPACTI - JUNCETUM SUBULATI Géhu et al. 1992 
Number of relevé 2 
Vegetation cover (%) 100 100 
Surface (sqm) 50 30 
Charactcr spccies of the association 
S-MEDIT. G rhiz Juncus subulatus Forsskal 4.4 4.5 
Character species of superior unities 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. 1.2 1.1 
Other species 
EURASIAT. H bienn Aster tripolium L. 2.2 1.2 
MEDIT.ATL. Ch suffr lnula crithmoides L. 1.2 1.1 
EUROP. H scap Rumex hydrolapathum Hudson + + 
Lenz/la gibba and Lelll/la millor floating vegetation was 
already recorded (Valsecchi, 1972). 
Anthropogen vegetation 
Merely anthropogen vegetation is present in marginaI 
areas, farther from the lagoon and neighbouring with the 
perimeter roads, not directly affectcd by fresh or salty 
water supplies. 
RESEDOALBAE-CHRYSANTHEMETVM CORONAR-
li (Tab. 20) 
This association is found on soil accumulations con-
sisting of scrappy material, on soils nitrified by 
~nthropozoogen action and in uncultivated lands near 
the perimeter roads. It is a heliophilous and nitrophilous 
phytocoenosis dominated by Chrysalltellllll1l 
coronarium, which has a wide distribution in the entire 
western and centre Mediterranean and was already re-
corded in Sardinia (Biondi et a/., 1990; Biondi et a/., 
1993). 
INVLO VISCOSAE-ORYZOPSIETVM MIL/ACEAE 
(Tab.21) 
It is present along the road borders, on little humps not 
trampled and periodically cut that delimit the ditches, on 
very dry and detritus soils. This vegetation consists of 
perennial great grasses, bushes of Illu/a viscosa and 
Oryzopsis miliacea. The association, widcly spread in 
the entire centre-western Mediterranean (Dc Bolòs, 1975; 
Cantò eta/., 1986) wasalready found in Sardinia(Biondi 
et a/., 1993). 
Lagoon management and vegetation 
The recIamation of areas around S'Ena Arrubia was 
performed by the opening of canals able to drain the 
freshwaters of surrounding soils and by the obstruction 
of the lagoon sea inlet: in the Seventies, this resulted in 
a considerable decrease oflagoon water salinity and had 
effect on vegetation. In 1972, Valsccchi pointed out the 
presence of a wide community of Plzragmites llustralis 
(ascribed to a generic PhraglllitetulIl), that coloniscd the 
shores without interruption togetherwith Typha latifolia 
variant and with Aster tripolium halophile facies. AI-
most mono-specific Typha latifo/ia formations were 
also present near the canals: this species was not found 
anymore during the present research and for this reason 
it can be considered extinct in the biotope, together with 
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many other freshwater spccics. Chronologically linked 
to this kind of vegetation are rooted or floating sub-
merged aquatic plants communities that can be ascribed 
toPotametalia andLem/letalia orders with: PotamogelOll 
crisplls L., P. pectillatus L., CeralOphyllul1l demerslIlIl 
L., Myriophyllulll \'erticillalllm L., Lem/w gibba L., L. 
millor. Among thcm, only few small populations of L. 
minor were found during the present study. 
Outside the reedswamp, Scirpelllm marilimi was 10-
cated, whereas the very halophile communities of peren-
nial glassworts, also characterised by the presence 01' 
Puccinellia festuciformis (I-Iost.) ParI (sllb P. dislalls 
(L.) Parl.), lived in stili more inland zones, "f1ooded only 
in winter and completely dry in the other months" 
(Valsccchi, ] 972) (Fig. 5). After the building of a canal 
opened in the coastal dune and of another one running 
along the main axis ofthe lagoon as far as the frcshwater 
inlet arca, determined a remarkablc innow 01' sea waters 
and a fast removal ofwatcrs cnming from the watershed: 
consequently, an increase 01' salinity occurs. The in-
crease 01' mean salinity in water lagoon was also due, 
during the same years, to the change of the irrigation 
system in surrounding 1'arming areas, from f10wing to 
sprinkling, which caused a sudden fall 01' freshwater 
inputs in the lagnon. \Vithin few years, this rcsulted in a 
considerable change: vcgetation turned l'rom frcshwater 
into halophile. 
In order to understand the importance of these varia-
tions, to compare several vegetation succcssions in 
relation to the changes 01' salinity conditions owing to 
the engineering works is significant (Fig. 6). Areas 
formerly covered hy canchrakes on the northcrn shore 
are currently covered by Inulo crilhmoidis-Pa.\palellllll 
mginali association: it is found on the outsider arca in 
bolhoscllOenelosulIl suhassociation. This can be ex-
plained as thc persistence of Plzraljlllltellllll elemcnts in 
a c\ear salinity crisis (Tab. 10). In these same areas, 
subject to crosion, halophile therophyte communitics 
form mosaics. Strip works for building canaIs and sub-
sequcnt accumulation of scrappy material have also 
promoted the spreading of the psammophile J1II1CO 
lIlarilillli-Sparlillellllll jllllceae association. with which 
the Tamarix africalla shrub vegetation currently links 
up~ under sub-halophilc edaphic conditions. Transects 
relative to the zone near thc inlet show that arcas for-
mcrly covered by rcedswamps are currently covered by 
halophile chamaephyte succession, 
On the contrary, the halophile vcgetation - repre-
sentcd by Salicomielea, Tlzero-.)'uaedelea andJlIIlcetea 
maritimi c\asses - is prevalently distributcd on the 
shores near the sca inlet. In the highcr zoncs, percnnial 
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Tab. 17 - PHRAGMITETUM COMMUNIS (Koch 1926) Schmale 1939 
Number of relevé 1 2 3 
Vegetation cover (%) 100 100 100 
Surface (sqm) 100 50 30 
Charactcr specics of the association 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. 5.5 4.5 5.5 
PALEOTEMP. H scand Calystegia sepium (L.) R.Br. 4.4 2.3 1.1 
Tab. 18 - LOTOTENUIS- AGROPYRETUM REPENTIS Biondi, Vagge, Baldoni & Taffetani 1997 
Number of rc1evé 1 2 
Vegetation Cover (%) 100 100 
Surface (sqm) 40 30 
Character specics of the association 
CIRCUMBOR. G rhiz Agropyron repens (L.) Bcauv. 5.5 5.5 
SE-EUROP. H scap Althaea officinalis L. 1.2 1.1 
PALEOTEMP. H scap Lotus tenuis W. et K. 1.1 2.2 
Character spccies of superior unities 
PALEOTEMP. H scand Calystegia sepium (L.) R.Br. 2.2 1.2 
PALEOTEMP. G rhiz Convolvulus arvensis L. + 1.1 
Other species 
EURIMEDIT. H cacsp Juncus acutus L. 2.2 1.1 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. 1.2 + 
EURI M EDIT.ATL. H caesp Carex otrubae Podp. 1.2 2.2 
EURASIAT. H scap Rumcx conglomeratus Murray 1.1 + 
MEDlT.ATL.(EURI) H scap Oenanthe silaifolia Bieb. + + 
Tab. 19 - LEMNETUM MINORIS Oberdorfer ex Th. MuIler & Gars 1960 
Number of relevé 1 2 
Vcgctation cover (%) 50 70 
Surface (sqm) 2 
Character species of the association 
SUBCOSMOP. I nal Lemna minor L. 2.2 3.3 
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Tab. 20 - RESEDO ALBAE - CHRYSANTHEMETUM CORONARli O. de Bòlos & Molinicr 1958 
Number of relevé 2 
Vegetation cover (%) 100 100 
Surface (sqm) 50 30 
Character species of the association 
STENOMEDIT. Tscap Chrysanthemum coronarium L. 4.5 5.5 
Other species 
H bicnn Daucus carota L. ssp. maximus (Dcsf.) Bali 2.2 
PALEOTEMP. G rhiz Convolvulus arvcnsis L. 1.2 
EURIMEDIT. Tscap Picris echioides L. (plantulc) 1.2 
EURASIAT. Tscap Avena fatua L. 1.2 
STENOMEDIT. Tscap Hypochoeris achyrophorus L. 1.2 
EURASIAT. H scap Rumex conglomeratus Murray + + 
EURIMEDIT. H bienn Scolymus hispanicus L. + 
SUBCOSMOP. Tscap Bromus hordcaccus L. + 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. +.0 
Tab. 21 - INULO VISCOSAE - ORYZOPSIETUM MILIACEAE (A. & O. dc Bòlos 1950) O. dc Bòlos 1957 
Number of rclcvé 2 
Vcgctation covcr (%) 90 100 
Surface (sqm) 50 30 
Charactcr spccies of thc association 
EURIMEDlT. H scap lnula viscosa (L.) Aiton 4.5 3.3 
STENOMEDIT. H caesp Oryzopsis miliacca (L.) Asch. ct Schwcinf. 1.2 +.2 
Character spccics of thc subassociation 
CIRCUMBOR. G rhiz Agropyron rcpcns (L.) Beauv. 4.5 
SUBCOSMOP. He Phragmites australis (Cav.) Trin. 2.3 
PALEOTEMP. H bienn Daucus carota L. ssp. maximus (Desf.) Bali 1.1 1.1 
S-MEDIT. H scap Foeniculum vulgarc Millcr ssp. pipcritum (Ucria) Coutinho 2.2 2.2 
Other species 
STENOMEDIT. G bulb Actheorrhiza bulbosa (L.) Casso 1.2 + 
AVV. Tscap Aster squamatus (Sprcngcl) Hicron. + 1.2 
PALEOTEMP. G rhiz Convolvulus arvensis L. + 1.2 
STENOMEDIT. H scap Reichardia picroides (L.) Roth + + 
CIRCUMBOR. H scap Rumex acetosa L. + + 
PALEOTEMP. H scap Cichorium intybus L. + + 
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Fig.5 - Patternsofvegetation distribution in 1972 in thc northem (a) and in the westemedge (b)ofS'EnaArrubia Lagoon, before hurnan 
interventions that led to increase of water salinity. 1= subrnerged vegetation with Myriophylllll1l sp. and Potamogetoll crispus; 2= 
Typhct1l11l latifoliac; 3= Phragmitct/lm; 4= Scirpelltm compacto-littoralis; 5= J1lI1CO maritimi-Spartilletum jUllceae; 6= Puccillel/io 
fest/lciforl1lis-Sarcocomiclllm fruticosac (reinterpreted and redrawn from Valsecchi, 1972) 
9 
2 
Fig. 6 - Current patterns of vegetation distribution in the northern (a) and in the western edge (b) of S'Ena Arrubia Lagoon. 1= 
Cyllolllorio coccilleac-Halimiollet/lm portulacoidis; 2= Salicomietllm emerici; 3= [/lulo crithmoidis-Paspaletum vaginati; 4= Astero 
tripolii-BolboscllOcllctum maritimi; 5 = [milo critltmoidis-Paspaletllm vaginati bolboscllOC/lctoS/lm; 6= JllllCO maritimi-Spartilletllm 
jllllccae; 7= Pllccillel/io fcslltciformis-Sarcocomict/lm fruticosae; 8= Sarcocomietllm dcflexae; 9= Pllccillellio com'ol/ltac-
Artlzrocllemetlll1l macrostacllyi; 10= ScllOCllO lligricalllis-Pla/ltagilletlll1l crassifoliae; 11= Myrto-Lellliscelllm 
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communities of Salicornietea frllticosae represent it, 
while in the areas flooded for a longer time the therophyte 
communities of Thero-SlIaedeta dominate. Interesting 
aspects of perennial halophile vegetation are also present 
in more inland tablelands, which are affected by floods 
owing to topographic factors, perhaps corresponding 
with halophile formations mentioned by Valsecchi 
(1972). The biotope is currently deprived in PlIccùzellia 
festuciformis, maybe owing to the salinity increase. 
Communities of J uncetea maritimi class form more or 
less linear belts along alI the shores, as regards anthropic 
sandy deposits or brackish depressions. Communities of 
Plzragmiti-!llag/locaricctcll rcpresent halo-tolcrant and 
freshwater vegetation and they are dominant on the 
shores near the mouth of freshwater canals (north-east 
and south-east edges). The Halo-tolerant component, 
representcd by Astcro tripolii-BolboscllOcnctummaritimi 
association, is very frequent spread in the arcas form eri y 
covered by Plzragmitctum and indicates the transition 
towards the freshwatcr lagoon vcgetation that is re-
stricted near the canals. 
Syntaxonomic scheme 
THERO-SUADETEA Riv.-Mart. 1972 
Tlzero-Sll/icornietalill europaeae Tx. in Tx. & Oberdorfer ex Géhu et Géhu-Franck 1984 
Slllicornio/l pawlae Géhu & Géhu-Franck 1984 
SUlledomllritimae-Slllicomietllm plltlllae(Brullo & Furnari 1976) Géhu & Géhu-Franck 1984 
Salicomietulll emerici O. dc Bolòs 1962 ex Brullo & Furnari 1976 
Salicornietum ve/letae Pignatti 1966 
Tlzero-Suaedetalia Br.-BL & O. dc Bolòs 1958 
Tlzero-Suaedioll Br.-Bl. in Br.-Bl., Roussine et Nègre 1952 
Salsoletu11l sodae Pignatti 1953 
SAGINETEA MARITIMAE Westhoff, Van Lecuwcn & Adriani 1962 
Frallke/lietlllill pulverulentae Riv.-Mart. ex Castroviejo & Porta 1976 
Frallkenioll pulverulentae Riv.-Mart. ex Castroviejo & Porta 1976 
Paraplzoliso strigosae-Hordeetu11l marini Géhu & dc Foucault 1977 
SALICORNIETEA FRUTICOSAE Br.-Bl. & Tx. ex A. & O. Bolòs 1950 
Salicornietlllia fruticosae Br.-Bl. 1933 
Sa/icornioll fruticosae Br.-Bl. 1933 
Salicornienion fruticoslle Rivas-Martìnez, Lousa, Diaz, Fcrnandez-Gonzalez & Costa 1990 
Sarcocomietum deflexae (Br.-Bl. 1931) Lahondèrc, Géhu & Paradis 1992 
Puccinellio festuciformis-Sarcocomietum fruticosae (Br.-Bl. 1928) J.M. Géhu 1976 
Cyllo11lorio COCci/lelle-Halimionetu11l portulllcoidis Biondi 1992 
Arthroclle11lion glauci Rivas-Martìnez & Costa 1984 
Artlzrocnemellion glauci Rivas-Martìnez 1980 
Puccinellio cOllvolutae-Arllzrocllemelum macrostaclzyi (Br.-Bl. (1928) 1933) Géhu 
ex Géhu, Costa, Scoppala, Biondi, Marchiori, Pcris, Géhu-Franck, Caniglia et Veri 
1984 
JUNCETEA MARITI!v1! Br.-Bl. in Br.-Bl. & Roussine & Nègre 1952 
Juncetalia l1l11ritimi Br.-Bl. ex Horvatic 1934 
JUllcioll mllriti11li Br.-Bl. ex Horvatic 1934 
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/11 li lo crithmoidis-Paspaletlllll vaginati asso nova 
bolboschoelletosllm maritimi subass. no va 
halimiolletosllm portlliacoidis subass. nova 
JW1CO maritimi-Spartùletlllll jUllceae nom. inv. prop. O. dc Bolòs 1962 
(= J lmco maritimi-Spartilletum jllllceae Biondi 1992) 
Limollio lIarbollellsis-J llllcetlllll gerardii Géhu & Biondi 1994 
J LlI1CllS maritimus cOll/11lwlity 
Plalltagi/lioll crassiJoliae Br. BI. 1993 
ScllOello Iligricalltis-Plalltagilletwll crassiJoliae Br.-Bl. in Br.-Bl., Roussine & Negre & 1952 
NERIO-TAMARICETEA Br.-Bl. & Bòlos 1958 
Tamaricetalia aJricallae Br.BI. & Bòlos 1958 em. Izco, Fernàndez & Molina 1984 
Talllaricioll aJricallae Br.BI. & Bòlos 1958 
Tal/larL~ africalla community 
LE~INETEA M/NOR/S Tx. ex O. de Bòlos & Masclans 1955 
Lemlletalia lIlilloris Tx. ex O. dc Bòlos & Masclans 1955 
Lelllllioll lIlùlOris Tx. ex O. dc Bòlos & Masclans 1955 
Le11llletum milloris Oberdorfer ex Th. Miiller & Gars 1960 
PHRAGMITI-fo.JAGNOCAR/CETEA Klika in Klika' & Novak 1941 
Scirpetalia compacti Hcjny in Holub., Hejny, Moravec et Neuhaiisl 1967 corro Riv.-Mart. et al. 1980 
Scirpioll compacto-littoralis Riv.-Mart. in Riv.-Mart. et al. 1980 
Scirpo-J1I11cetlllll sllblliati Géhu et al. 1992 
Astero tripolii-BolboscllOelletllllllllaritillli asso nova 
paspaletoslllll vagi/lati subass. nova 
Phraglllitetalia Koch 1926 cm. Pignatti 1954 
Plzragmitioll cOl1ll1lullis Koch 1926 
Plzraglllitetulll COlll1llllliis (Koch 1926) Schmale 1939 
ARTEAf/SIETEA VULGAR/S Lohm., Prsg. & Tx. ex von Rochow 1951 
Agropyretalia repelllis Oberdorfer, Mullcr & Gors in Oberdorfcr et al. 1967 
Brolllo-Olyzopsioll miliaceae O. dc Bolòs 1970 
/Ilulo viscosae-Oryzopsiellllll lIliliaceae (A. & O. de Bolòs 1950) O. de Bolòs 1957 
/nulo viscosae-Agropyrioll repelltis Biondi & Allegrezza 1996 
Loto telluis-Agropyretum repelltis Biondi, Vaggc, Baldoni & Taffetani 1997 
STELLARIETEA fo.JED/AE Tx., Lohm. & Preising ex von Rochow 1951 
Sisymbretalia oJficillalis J. Tx. in Lohmeyer et al. 1962 em. Riv.-Mart. et al. 1991 
Hordeioll leporilli Br.-Bl. in Br.-Bl., Gajewski, \Vrabcr & \Valas 1936 
Resedo albae-Clzrysalllhellletum coronarii O. de Bòlos & Molinier 1958 
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Sites and dates or relevés 
Tab. 1: 1,6 northem edge, peninsula (15/03/99); 2 western 
edge (11/11/99); 3 northern edge, peninsula (12/11/99); 4 
southern edge, transition between halophile and halotolerant 
vegetation (20/06/99); 5 western edge, in front of pine wood 
(28/10/99); 7 eastern edge, in front of water-scooping house 
(20/06/99); 8,9, lO inlet area, near new fishermen housc 
(28/10/99); 11 northern edge, inlet area, border of tanks (28/ 
10/99). 
Tab. 2: 12, 14 southern edge (20/06/99); 13 northern edge, 
peninsula (12/11/99). 
Tab. 3: 15, 17 western edge (30/06/99); 16 inlet area, borderof 
a de ad canal (28/10/99); 18 northern edge, peninsula (12/11/ 
99). 
Tab. 4: 19, 21 southern edge (05/11/98); 20, 22 southem edge 
(11/11/99). 
Tab. 5: 1 southern edge, lateral basi n, perennially submerged 
Iinear annual vegetation (05/11/98); 2, 3 northern edge, inlet, 
between the new fishennen house and the road, first tank (28/ 
10/99); 4, 6 northem edge, inlet, between the new fishennen 
house and the road, second tank (28/10/99); 5 western edge, 
bight (11/11/99); 7 northern edge, peninsula (12/11/99). 
Tab.6: 1,3 northem edge, near fishermen house (05/11/98); 2 
southern edge (28/10/99); 4, 5 northern edge, peninsula, de-
pression around well (2/11/99); 6 northem edge, peninsula 
(12/11/99). 
Tab. 7: 1 border of canal, inlet area (28/10/99); 2 inlet area, 
mosaic (10/5/99). 
Tab. 8: 1 northern edge, inlet arca, near new house, dry tank 
(28/1 0/99); 2 northern edge, near house (05/11/98); 3 northern 
edge, depression in the reclamation tank (28/10/99). 
Tab. 9: 1 western edge, glades in the Cyllomorio cocci/leae-
Halimiollelllm porllliacoidis (11/11/99); 2 western edge, 
therophytic meadow (06/11/98). 
Tab. lO: 1,2,5 northern edge, near fishermen house, mosaie, 
on 1,5 m islets divided each other by Iinear depressions (05/11/ 
98); 3 southern edge, (28/10/99); 4, 7,8 northern edge, near the 
boats (10/05/99); 6, lO northern edge, along the road near the 
gate (06/11/98); 9 southern edge, fishermen house, canal on 
the lert, linear vegetation between PJzragmitellllll commll1lis 
and Sllaedo maritimae-Salicorniellllll palulae, (27/05/99); Il, 
12 southern edge, linear vegetation between PJzragmitet1l1ll 
comlllllllis and Sllaedo marililllae-Salicomietum patulae (2/ 
11/99). 
Tab. Il: 1 eastern edge (20/06/99); 2 northern edge, in front of 
the gate (20/06/99). 
Tab. 12: 1,2, 12 northern edge, embankment between the canal 
and the house, well drained sandy soil, (05/11/98); 3, 4 inlet 
area (new house) (28/10/99); 5, 6 inlet area, the locks, on 
hoarded material (06/11/98); 7 southem edge, in front of the 
water-scooping house (20/06/99); 8 northern edge, peninsula 
(12/11/99); 9, lO eastern edge, at the left of the fishermen 
house, before Plzragmitetum COllllllllllis (02/11/99); Il west-
ern edge, bight (11111199). 
Tab. 13: 1 western edge (06/11/98); 2 western edge (2/11/99); 
3 southern edge, fishemlen house, on bumt soil (27/05/99). 
Tab. 14: 1,2 northem edge, depression in thc reclamation tank 
near road (2/11/99). 
Tab.15: 1,6,7,8,9,11 northernedge(1O/05/99);2,4northern 
edgc, peninsula (12/11/99); 3 eastern edge in front of water-
scooping house, (20/06/99); 5 western edge (11/11/99); lO 
southern edge, fishermen house, on the left of the canal, (27/ 
05/99). 
Tab. 16: 1,2 northem edgc, near the boats, in front oftheJll1lco 
maritimi-Sparlilletlllll jll1lceae (10/05/99). 
Tab.17: 1,2 southem edge, on the leftofthe mean watercanal, 
interior area, dry soiI (27/05/99); 3, 4 southern edge, on the lcft 
of the mean water canal, interior arca, dry soil (2/11/99). 
Tab. 18: 1,2 eastern edge, at the right of the mean waler canal 
outlet (20/06/99). 
Tab. 19: 1,2 eastem edge, in front ofthe water-scooping house 
(20/06/99). 
Tab. 20: 1,2 northem edge, near the road, reclamation tank (2/ 
11/99). 
Tab. 21: 1, 2 northern edge, reclamation tank, further the 
block-house (28/10/99). 
Sporadic species 
Tab. 1: 2 Aetheorrhiza bulbosa (L.) Casso 1.2; 3 Rumex 
cOllglomeratus Murray +, Allillm rosellfll L. 1.1, Asparagus 
acutifolius L. +, lllllCUS subulatus Forsskal 1.2; 5 Agropyron 
pungens (Pers.) R. et S. +, CyllOSUrllS elegmls Desf. +, 
Reichardia picroides (L.) Roth +; J J Atriplex /atifolia Wahlenb. 
+, Rumex cOllglomeratus Murray +. 
Tab. 5: 1 Limollium llarbOllellse Miller +; 5 lllllCUS sublilatus 
Forsskal 2.2, Phragmites australis (Cav.) Trin. LO, 11lula 
crithmoides L. +.0. 
Tab. 6: 4Aster tripolillm L. 1.1, Limolliumllarbonense Miller 
+,Sarcoconziafruticosa (L.) A. J. Seott +; 6Atriplex patu/a L. 
+. 
Tab. 10: 3 Sarcoconziafruticosa (L.) A. J. Scott +, Saliconzia 
emerici Duval-Jouve +; 4 Salicomia emerici Duval-Jouve +, 
SOllchus tellerrimus L. +; 5 Salicomia patu/a Duval-Jouve +; 
6 Carexdistans L. +.2; 9lll1lcllssublilatus Forss'kal +; 10Aster 
sqllamatus (Sprengel) Hieron. +. 
Tab. 12: 1 Beta m/garis L. ssp. maritima (L.) Arcang. +, 
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Rumex pu/cher L. +; 4 Aster Iripoliul1l L. 1.2, Sllrcocomia 
fruticosa (L.) A. J. Scott 1.2, Atriplex patula L. +, Halimione 
portulacoides (L.) Aellen 1.2; 5 Anthemis maritima L. 1.2, 
Lotuscytisoides L. +; 6 5Amhemis maritima L. 1.2; 7 Agropyron 
pllngens (Pers.) R. et S. +, Calystegia scpiul1l (L.) R.Br. +; <) 
Agropyroll repclIs (L.) Beauv. 1.2, IlIu/a viscosa (L.) Aiton 
1.2, Oellmzthe lac/,ellalii Gmelin 1.2,Altlwca officillalis L. +; 
10 Altlwea officinalis L. +. Oellanthe lachenalii Gl11elin 2.2, 
PaSpallllll \'agil/atulll Schwartz 1.2, lUl/cus acutlls L. 1.2; Il 
Agropyrol/ repells (L.) Beauv. 2.2, lllllCllS aClltus L. 1.2, 
Dallcus carota L. ssp. llIaxilllus (Desf.) Bali +; 12 Agropyrol/ 
pllligells (Pers.) R. et S. 3.4. 
Tab. 13: 1 Halimiollc portulacoidcs (L.) AeHen 1.2, Orchis 
papi/iol/acea L. +.2, SpartiI/a jUl/cea (Michx.) Willd. +; 2 
Trig/ochilllaxiflorullI Guss. +.2, Cyllosllrus deglllls Desf. 2.2, 
Trifolilllll a/lgllstifolium L. +,AspILOdelliS microcarplls Salzm. 
et Vivo +,Spirallthes .\piralis (L.) Kach +; 3 Imi la critllllloides 
L. 1.2, lll1lCIIS aClltus L. 1.2, lllllCllS sllbll/atlls Forsskal +. 
Tab. 15: 1 Halimiolle portll/acoidcs(L.) Acllen +; 2Salicomill 
cmcriciDuval-Jouve 1.2:3Agropyrolleiol/gatum(Host) Beauv. 
1.2, Salicorllia l'l'lieta Pign. ct Lausi +, Polypogotl 
mOl/5peliel/sis (L.) Desf. +; 5Salsola soda L. +; 8Salsola soda 
L. 1.2; <) Salsola soda L. +. 
Tab. 16: 1 PaspalulIl mgillatulll Schwartz +,Sa/icornia emerici 
Duval-Jouvc 1.2, Suaeda maritima (L.) Dumart. 1.2. 
Tab. 18: 1 A l'ella fatua L. +. 
Tab. 21: 1 Tlzymelaca Itirsuta (L.) End!. 1.2, Cyllosurus 
echillatlls L. 1.2, Asparagus aClltifolilis L. 1.1, SOl/d/Us 
oleraccus L. +, Beta vu/garis L. ssp. maritima (L.) Arcang. +, 
RlImex cOl/glomeratus Murray +, Cholldrilla jUl/cea L. +, 
Eryllgillm campestre L. +, Cyllodoll dacty/oll (L.) Perso +.2, 
Asparaglls stipularis Forsskal +.2, SOllclzus tellcrrimlls L. +, 
Verbascum sillllallll1l L. +; 2 Sco/y/1lUS hi.\palliclls L. +,A velia 
fatua L. +. 
